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Abstract: Engineered Escherichia coli serves as an efficient platform for the production of a diverse array of recombinant
proteins, thereby addressing the pharmaceutical industry's demand for high-quality biological agents. Nevertheless, challenges
related to protein folding and the complexities involved in product purification must be acknowledged. This review delineates
the advantages and disadvantages of utilizing E. coli as an expression host and further investigates various strategies aimed at
optimizing and enhancing the E. coli expression system to elevate the yield, purity, and biological activity of recombinant
proteins, ultimately supporting advancements in biopharmaceuticals and other relevant fields.
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1. Introduction

With the rapid development of molecular biology and
proteomics, the genetic manipulation technology of
exogenous gene expression is becoming more and more
mature. Expression system is the core of exogenous gene
expression, and commonly used expression systems are
generally model organisms, including eukaryotic and
prokaryotic expression systems, among which eukaryotic
systems include mammalian cell expression system, plant
expression system, insect baculovirus expression vector
system and yeast expression system, and prokaryotic
expression system is mainly E. coli expression system. E. coli
is one of the most widely used prokaryotic expression system
and the earliest exogenous gene expression system to be
studied, with a clear genetic background, fast growth, easy to
achieve high density cultivation, low cost, high yield and
incomparable superiority compared with other expression
systems, it is the most widely used expression system in
commercial production, and it has achieved great scientific
research value and economic benefits [1].

The E. coli expression system is now widely used for the
expression production of a variety of protein/peptide drugs
and biochemicals, including: recombinant human insulin,
a2b-type interferon, ranibizumab, purple bacillin and peony
skin glucoside[2]. According to statistics, 26% of

recombinant protein drugs approved for marketing by the U.S.

FDA and the European EMA from 1986-2018 came from F.
coli. Meanwhile, genetically engineered vaccines expressed
through E. coli are now entering the market or in the clinical
trial stage, such as hepatitis E vaccine, human papillomavirus
vaccine, influenza A vaccine and so on. Common E. coli
expression systems include BL21 series, JM109 series,
W3110 series and K802 series, etc. Among them, E. coli
BL21 (DE?3) strain is one of the most widely used strains in
recombinant protein expression research, BL21 (DE3) is
obtained from the derivatives of E. coli B series and K-12
series through genetic mutations such as Pl transduction.
These strains are usually host protease-deficient to ensure that
the exogenous proteins are not degraded during the
expression process and to maintain the stability of expression
[1,2].
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2. Advantage of Escherichia Coli as an
Expression Host

As an expression host, Escherichia coli has been widely
used in the field of biopharmaceutical because of its many
advantages.

The study of Escherichia coli has a long history, with a lot
of data and experience accumulation. At the same time, its
genetic background is quite clear, and researchers have a very
in-depth understanding of the E. coli genome. This allows
scientists to easily perform gene cloning, expression
regulation, and genetic engineering operations. By using
multiple vectors and expression systems, E. coli can
effectively express foreign genes and produce target proteins
[3,4]. Due to the widespread use of E. coli in recombinant
protein production, a large number of molecular biology tools
and techniques have been established. Researchers can utilize
a wealth of expression plasmids, promoters, screening
markers, and culture conditions to optimize the production of
target proteins. The availability of these technologies allows
researchers to more effectively address the various challenges
encountered during protein expression [5,6].

E. coli is good at producing non-glycosylated proteins,
which is particularly important for many biotechnology
applications. Given the complexity of mammalian cell
systems in glycation modification, many researchers have
chosen to use E. coli to produce recombinant proteins that do
not require glycation, thereby avoiding the associated
complexity and cost [7,8]. Escherichia coli has a very fast
growth rate, and this high growth rate enables Escherichia
coli to reach a high density of cells in a short time, thereby
rapidly producing a large number of recombinant proteins [9].
The medium required for E. coli is inexpensive and easy to
prepare, and the culture process is often simpler and more
convenient than other systems [7,10]. E. coli can adapt to a
variety of growth conditions, including different temperatures,
pH, and oxygen concentrations. This adaptability enables
efficient production of target proteins under different
production environments. In addition, by means of genetic
engineering, its metabolic pathway can be further optimized
to enhance the yield and quality of recombinant proteins [6,9].



These properties make it an important tool in the field of
biotechnology and also make the use of E. coli in industrial
production a cost-effective option.

3. Challenges of Escherichia Coli as an
Expression Host

Despite E. coli's strengths in genetic engineering and
protein expression, it still faces many challenges in the
folding and aggregation of recombinant proteins.

When E. coli expresses recombinant protein at high levels,
it is easy to cause the protein to aggregate into inclusion
bodies. This phenomenon is usually caused by factors such as
high temperature, high induced concentration and strong
start-up subsystem [11,12]. Under these conditions, the
translation rate of the protein increases, resulting in
insufficient folding time, resulting in the formation of non-
functional aggregates. Some recombinant proteins have
complex structures or are highly toxic, and their intracellular
expression may burden host cells and increase the risk of
misfolding [6]. In addition, many heteropeptides, when
expressed in E. coli, fail to fold into their natural state and are
subsequently degraded by cells or aggregated into insoluble
forms [13,14]. Changes in the intracellular environment, such
as pH, salt concentration and temperature, also affect the
folding process of proteins [15,16].

4. Strategies for Optimization

4.1. Optimization of Clone Design

Commonly used E. coli carriers are pET, pCold, pBV and
pGEX series. The component composition and promoter type
of the vector affect the gene expression level and solubility. It
is very important to select suitable expression vector to
improve protein expression. Differences in codon use
between E. coli and eukaryotes may result in inadequate
expression of foreign genes. Therefore, codon optimization is
an effective method to improve the expression of recombinant
protein. By adjusting the codon of the target gene to better
match the preference codon of Escherichia coli, the
expression level of the protein can be significantly improved
[17]. It has been found that replacing the rare arginine codon
with the more commonly used codon increases the production
of human interferon 2b in E. coli by about 10 times [18].
Fusion tags are often used to improve protein solubility and
purification processes. In clonal design, some tags are often
fused to the N-terminal or C-terminal of the target protein,
such as His, GST, MBP, NusA, Trx, and SUMO. However,
the main challenge in protein production is how to split and
remove fusion tags during the different steps of purification.
To achieve this, multiple cleavage sites have been designed
for proper protein expression and cleavage. In addition, in
some cases, the target protein may result in low expression
due to misfolding or aggregation, in which case, co-
expression of molecular chaperones (such as DnaK, GroEL,
GroES, etc.) can be considered to promote the correct folding
of the target protein, improve solubility and reduce the
formation of inclusion bodies. This strategy has been shown
to increase the production and solubility of difficult-to-
express proteins [6,19,20].

4.2. Optimization of Culture and Induction

Optimizing induction conditions in Escherichia coli is a
complex and important process involving the comprehensive
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consideration of several factors. The expression efficiency of
recombinant protein could be significantly improved by
selecting the inducer and its concentration, induction time,
culture temperature and medium composition.

The type and concentration of the inducer have significant
influence on protein expression, and it is very important to
select the appropriate inducer and its concentration to obtain
high yield of recombinant protein. The most commonly used
inducer is isopropyl-beta-d-thiogalactoside (IPTG). In
general, excessively high concentrations of IPTG may lead to
the accumulation of protein folding precursors and inclusion
body formation. The use of lower concentrations of inducers
can reduce the cell burden, thereby increasing the solubility
and expression of the target protein. However, too low
concentration may affect protein production. Therefore, it is
necessary to determine the optimal IPTG concentration by
experiment. In addition, in addition to IPTG, other inducers
such as lactose, tryptophan, and arabinose can also be
considered. Lactose autoinduction has mild characteristics
and is suitable for the efficient expression of certain proteins.
For example, studies have shown that when 10% lactose is
used as an inducer, it is suitable for induction after the culture
reaches a specific optical density (OD), which can effectively
improve the protein expression [21].

The choice of induction time is also very important. In
general, induction should be carried out during the
logarithmic phase of bacterial growth, when the cell activity
is higher and is better able to respond to induction. For
example, induction at OD values of 1.0 to 1.5 can
significantly improve the expression efficiency of
recombinant proteins [22]. Too early or too late induction can
result in insufficient protein expression or the formation of
aggregates, which can affect the quality of the final product.

Certain chemical additives, such as glycerin, trehalose, etc.,
can improve intracellular viscosity and help improve the
folding state of recombinant proteins. These substances
increase the production of soluble proteins by altering the
microenvironment within the cell and reducing the formation
of aggregates [16,23].

Culture temperature is another important factor affecting
protein expression. Induction at lower temperatures generally
improves the solubility of recombinant proteins and reduces
the formation of inclusion bodies. Lowering the induction
temperature contributes to the metabolic burden of the cell,
which in turn promotes the correct folding and stability of the
target protein [19,25]. Certain proteins tend to aggregate and
dissolubilize at 37°C, and setting the induction temperature at
30°C can achieve better expression results in some cases,
while reducing the temperature to 18°C may also show better
results in other cases.

The growth rate and expression level of recombinant
protein were affected by different medium components. For
example, the addition of certain amino acids or vitamins can
promote the growth and metabolism of cells, thus improving
the expression effect of proteins. In addition, optimizing the
ratio of carbon and nitrogen sources in the medium is also an
important strategy to improve protein expression [25].

4.3. Pilot Test Optimization

It must be mentioned that a major challenge that laboratory
research results must face is scale-up production, which
usually needs to follow a certain scale-up strategy through
pilot tests, optimize fermentation conditions according to
fermentation processes and equipment, and develop



separation, purification, drying and other processes in line
with large-scale production to ensure that the stability and
consistency of the final product is maintained in reactors of
different sizes.

5. Conclusion

Escherichia coli has been widely used in the field of
recombinant protein, and as one of the most commonly used
expression systems in genetic engineering, it has shown
remarkable advantages and potential. The application of F.
coli in the field of recombinant proteins will continue to
expand and optimize. With the introduction of high-
throughput screening technology, researchers can more
systematically explore and determine the optimal expression
conditions to further improve protein production and activity.
At the same time, the limitations of E. coli expression system
can be improved through genetic engineering, expression
vector optimization and culture conditions adjustment. With
the continuous progress and innovation of technology, it will
play a more important role in the development of the
biomedical industry.
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